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DESCRIPTION 

RECEIVER APPARATUS 

5 Technical Field 

[0001] 

The present invention relates to a receiver apparatus 
for receiving time-division multiplexed signals, and 
especially relates to power saving techniques. 

10 

Background Art 

[0002] 

To receive a desired signal from a time-division 

multiplexed signal, a receiver apparatus that switches a power 
15 supply to a receiver circuit on and off according to signal 

reception timings has conventionally been used as shown in 

patent document 1 (see patent document 1). 

The receiver apparatus shown in patent document 1 starts 

the power supply to the receiver circuit a predetermined time 
20 before reception of a signal begins, in order to suppress 

adverse effects caused by repeating power-on and power-off. 

One example of such adverse effects is as follows. By 

repeating power-on and power-off, a power supply voltage 

changes, which affects a PLL (Phase Locked Loop) circuit and 
25 causes frequency fluctuations. This adversely affects 

signal reception, such as by preventing stable signal 

reception at a reception timing. 

[0003] 
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According to the above construction, the power supply 
to the receiver circuit is started the predetermined time 
before the signal reception begins, to bring the receiver 
circuit to operate stably by the time the signal reception 
5 begins. As a result, the receiver apparatus can stably receive 
the time-division multiplexed signal. 

Patent document 1: Japanese Patent Application 
Publication No. H07-212269. 

10 Disclosure of the Invention 

Problems the Invention is going to Solve 

[0004] 

A time needed to stabilize the operation of the receiver 
circuit depends on a quality of a received signal . For example, 

15 a time needed for frequency synchronization of the receiver 
circuit is shorter when the received signal is less influenced 
by noise, multipath fading, and the like, that is, when the 
received signal has a better quality. 

Thus, the time needed for stabilizing the operation of 

20 the receiver circuit depends on the signal quality. 

Accordingly, if importance is placed on the stable reception 
of the time-division multiplexed signal in the above receiver 
apparatus, it is necessary to set the timing to start the 
power supply to the receiver circuit well in advance to ensure 

25 a longer power supply period than is necessary when the signal 
quality is good, so that the signal reception can stably be 
performed even if the signal quality is bad. 
[0005] 



However, if importance is placed on the stable signal 
reception as mentioned above, power supplied to the receiver 
circuit will end up being partially wasted in the case where 
the quality of the received signal is good. 
5 The present invention was conceived in view of the above 

problem, and aims to provide a receiver apparatus that is 
more power saving than conventional techniques. 

Means of Solving the Problems 

10 [0006] 

The stated aim can be achieved by a receiver apparatus 
in which an operation of a receiver circuit is started before 
reception of an assigned signal, and stopped, when the 
reception of the assigned signal ends, until before reception 

15 of a next assigned signal, including: an evaluation unit 
operable to evaluate a quality of the received assigned signal ; 
a determination unit operable to determine an operation start 
time at which the operation of the receiver circuit is to 
be started for the reception of the next assigned signal, 

20 based on a result of the evaluation by the evaluation unit; 
and a control unit operable to start the operation of the 
receiver circuit at the determined operation start time. 

Effects of the Invention 

25 [0007] 

According to this construction, the quality of the 
received signal is evaluated by, for example, measuring a 
BER (Bit Error Rate) of the received signal, and the operation 
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start time of the receiver circuit is determined based on 
a result of this evaluation. For instance, an early operation 
start time is set when the quality of the received signal 
is bad, and a late operation start time is set when the quality 
5 of the received signal is good. In this way, the receiver 
apparatus can start the operation of the receiver circuit 
with an effective timing .in accordance with the quality of 
the received signal. This contributes to more power saving 
than conventional techniques . 
10 [0008] 

Here, the evaluation unit may evaluate whether the 
quality of the received assigned signal is good, wherein the 
determination unit determines the operation start time to 
be closer to a time at which the reception of the next assigned 
15 signal begins, when the quality of the received assigned signal 
is better. 

According to this construction, a later operation start 
time is set when the quality of the received signal is better. 
Hence the receiver apparatus can supply power to the receiver 
20 circuit with a more effective timing. 
[0009] 

Here, the evaluation unit may set an evaluation value 
corresponding to the quality of the received assigned signal, 
and compare the evaluation value with a predetermined value 
25 to evaluate whether the quality of the received assigned signal 
is good, wherein the determination unit stores information 
showing a plurality of predetermined times beforehand, and 
determines, as the operation start time, a predetermined time 
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that is closer to the time at which the reception of the next 
assigned signal begins when the quality of the received 
assigned signal is good, and a predetermined time that is 
farther from the time at which the reception of the next 
assigned signal begins when the quality of the received 
assigned signal is not good. 
[0010] 

According to this construction, an early or late 
operation start time is set depending on the quality of the 
received signal. For example, if the signal' quality varies 
within a predetermined range, predetermined times are 
provided beforehand as potential operation start times 
according to the signal quality, with it being possible to 
determine the operation start time efficiently. 

Here, the evaluation unit may include: an error rate 
measuring unit operable to measure an error rate of the received 
assigned signal, wherein the evaluation unit performs the 
evaluation based on the measured error rate. Here, the 
evaluation unit may include: a C/N measuring unit operable 
to measure a carrier-to-noise ratio of the received assigned 
signal, wherein the evaluation unit performs the evaluation 
based on the measured carrier-to-noise ratio. Here, the 
evaluation unit may include: a reception input level 
estimation unit operable to estimate a reception input level 
of the received assigned signal, wherein the evaluation unit 
performs the evaluation based on the estimated reception input 
level. Here, the evaluation unit may include: a channel 
characteristic estimation unit operable to estimate a channel 



characteristic of the received assigned signal using pilot 
carriers contained in the received assigned signal, wherein 
the evaluation unit performs the evaluation based on the 
estimated channel characteristic . Here, the evaluation unit 
5 may include: an interference signal detection unit operable 
to detect whether power of each sub-carrier contained in the 
received assigned signal is larger than a predetermined value, 
wherein the evaluation unit performs the evaluation based 
on a result of the detection by the interference signal 
10 detection unit. 
[0011] 

According to these constructions, the receiver 
apparatus can evaluate the quality of the received signal 
and determine the operation start time of the receiver circuit 

15 using an index value that can be measured by the receiver 
apparatus itself, with there being no need to rely on a device 
other than the receiver apparatus. 

Here, the receiver apparatus may further include: a 
pull-in time measuring unit operable to measure a pull-in 

20 time necessary for the operation of the receiver circuit to 
stabilize from when the operation of the receiver circuit 
is started; and a holding unit operable to hold information 
showing at least one pull-in time previously measured by the 
pull-in time measuring unit, wherein the evaluation unit 

25 performs the evaluation based on the information held in the 
holding unit. 
[0012] 

According to this construction, the operation start time 

6 



of the receiver circuit is determined by, for example, 
assigning a small weight to a pull-in time measured a long 
time ago and a large weight to a pull-in time measured recently, 
or using a mean value of pull-in times measured in the past. 
5 Thus, the operation start time can be determined in accordance 
with a signal quality tendency . 

Here, the receiver apparatus may further include: a 
battery monitoring unit operable to measure a remaining 
battery level of the receiver apparatus, wherein the control 

10 . unit starts the operation of the receiver .circuit at the 
determined operation start time if the measured remaining 
battery level is no less than a predetermined value, and starts 
the operation of the receiver circuit at a predetermined time 
if the measured remaining battery level is less than the 

15 predetermined value. 
[0013] 

According to this construction, when the remaining 
battery level is low, the operation start time of the receiver 
circuit is delayed to shorten the power supply period and 

20 thereby extend a signal receivable period of the receiver 
apparatus. This contributes to power saving. 

The stated aim can also be achieved by a signal reception 
method used in a receiver apparatus in which an operation 
of a receiver circuit is started be fore reception of an assigned 

25 signal, and stopped, when the reception of the assigned signal 
ends, until before reception of a next assigned signal, 
including steps of: evaluating a quality of the received 
assigned signal; determining an operation start time at which 
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the operation of the receiver circuit is to be started for 
the reception of the next assigned signal, based on a result 
of the evaluation; and starting the operation of the receiver 
circuit at the determined operation start time. The stated 
5 aim can also be achieved by an integrated circuit for executing 
a process in which an operation of a receiver circuit is started 
before reception of an assigned signal, and stopped, when 
the reception of the assigned signal ends, until before 
reception of a next assigned signal, including: an evaluation 

10 circuit operable to evaluate a quality of the received assigned 
signal; a determination circuit operable to determine an 
operation start time at which the operation of the receiver 
circuit is to be started for the reception of the next assigned 
signal, based on a result of the evaluation by the evaluation 

15 circuit; and a control circuit operable to start the operation 
of the receiver circuit at the determined operation start 
time . 
[0014] 

According to these constructions, the operation start 
20 time of the receiver circuit is determined in accordance with 
the guality of the received signal, with it being possible 
to achieve more power saving than conventional techniques. 

Best Mode for Carrying out: the Invention 

25 [0015] 

The following describes embodiments of the present 
invention with reference to drawings. 
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<First Embodiment> . 
<Construction> 

FIG. 1 is a functional block diagram showing a receiver 
apparatus according to a first embodiment." 
5 A receiver apparatus 1000 shown in the drawing receives 

a time-division multiplexed signal according to, for example, 
DVB-H (Digital Video Broadcasting - Handheld) . DVB-H is a 
transmission method that adapts data broadcasting of DVB-T 
(Digital Video Broadcasting -Terrestrial) which is a 
10 terrestrial digital television transmission method in Europe, 
for bringing broadcast services to mobile receivers. 
[0016] ' 

As shown in the drawing, the receiver apparatus 1000 
includes an antenna 101, a tuner 102, a demodulation unit 

15 103, a TS (Transport Stream) decoder 104, an error correction 
circuit 105, a time information extraction unit 1 0 6 , a decoding 
unit 107, ' a display unit 108, a signal quality evaluation 
unit 109, and a control unit 110. The demodulation unit 103 
is composed of a plurality of circuits. 

20 The antenna 101 receives a DVB-H broadcast signal which 

is transmitted by time-division multiplexing, and outputs 
the received signal to the tuner 102.. 
[0017] 

The tuner 102 performs selection of a desired channel 
25 and adjustment of a signal gain. 

The demodulation unit 103 includes an AD conversion unit 
121, an AGC (Automatic Gain Control) 122, an AFC (Automatic 
Frequency Control) 123, a FFT (Fast Fourier Transform) 124, 
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a channel equalizing unit 125, and an error correction unit 
126. The demodulation unit 103 demodulates the signal and 
outputs a transport stream. 
[0018] 

5 The AD conversion unit 121 converts the time-division 

; multiplexed signal received by the tuner 102 to a digital 
signal, and outputs the digital signal to each of the AGC 
122 and the AFC 123. 

The AGC 122 generates an AGC control signal and outputs 
10 it to the tuner 102, to keep the output of the tuner 102 at 
a constant level. 

The AFC 123 performs error correction on a carrier 
frequency of the received signal and a clock frequency, to 
establish synchronization in frequency and phase of a carrier 
15 and a clock. 
[0019] 

The FFT 124 performs FFT on the received signal, thereby 
converting the received signal to a frequency axis. 

The channel equalizing unit 125 performs channel 

20 equalization on the received signal which has been converted 
to the frequency axis, to remove channel distortion. The 
channel equalizing unit 125 performs detection and outputs 
a detection result to the error correction unit 126. When 
doing so, the channel equalizing unit 125 also measures a 

25 C/N (Carrier to Noise ratio) , and output s a value corresponding 
to a measurement result to the signal quality evaluation unit 
109. 
[0020] 
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The error correction unit 126 includes a Viterbi decoding 
unit 141 and an RS (Reed-Solomon) decoding unit 142 . The error 
correction unit 126 performs Viterbi decoding in the Viterbi 
decoding unit 141 and RS decoding in the RS decoding unit 
5 142, on the detected signal from which the channel distortion 
has been removed by the channel equalizing unit 12 5 . The error 
correction unit 126 outputs a resulting transport stream to 
the TS decoder 104. 

The error correction unit 12 6 also measures a 

10 . pre-Viterbi-decoding BER (Bit Error Rate) from a number of 
bit errors corrected by the Viterbi decoding, a 
post-Viterbi-decoding .BER from a number of bit errors 
corrected by the RS decoding, and a post-RS-decoding packet 
error rate from a number of packets which could not be corrected 

15 by the RS decoding. The error correction unit 126 outputs 
values corresponding to results of these measurements to the 
signal quality evaluation unit 109. 
[0021] 

The TS decoder 104 receives the transport stream from 
20 the demodulation unit 103, extracts transport stream packets 
(hereafter "TS packets") that contain a program which the 
user wants to view, and outputs the extracted TS packets to 
the error correction circuit 105 and the time information 
extraction unit 106. 
25 The error correction circuit 105 is an MPE-FEC 

(Multiprotocol Encapsulation - Forward Error Correction) 
circuit added for DVB-H, and performs error correction such 
as RS decoding . The error correction circuit 105 also measures 
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a BER at the time of RS decoding. 
[0022] 

The time information extraction unit 106 receives a TS 
packet from the TS decoder 104, and extracts time information 
5 which is newly defined by DVB-H in a section header of a section 
carried by the TS packet. The time information referred to 
here shows a signal reception interval from when transmission 
of one part of a desired program, among programs which are 
broadcast by time-division multiplexing, ends to when 
10 transmission of the next part of the desired program begins . 
[0023] 

The decoding unit 107 is a circuit for decoding video 
data and audio data of a format such as MPEG (Moving Picture 
Experts Group) - 4 and H.264. The decoding unit 107 outputs 
15 the decoded video data and audio data to the display unit 
108. 

The display unit 108 is a display device provided with 
a liquid crystal panel, a speaker, and the like, and outputs 
the video data and the audio data. 
20 [0024] 

The signal quality evaluation unit 109 evaluates a 
quality of the received signal based on a parameter such as 
the BERs output from the demodulation unit 103, and outputs 
a value corresponding to a result of the evaluation to the 
25 control unit 110. 

The control unit 110 adjusts a timing to supply power 
to the tuner 102, the demodulation unit 103, and the TS decoder 
104, based on the time information extracted by the time 



information extraction unit 106 and the output value 
corresponding to the evaluation result of the signal quality 
evaluation unit 109. The control unit 110 can be constituted 
by a CPU (Central Processing Unit) , a ROM (Read Only Memory) , 
5 a RAM (Random Access Memory) , and the like, and may exercise 
reception control and demodulation control in addition to 
the above power supply control. 
[0025] 

<Operation> 

10 An operation of the receiver apparatus 1000 is explained 

below . 

In the receiver apparatus 1000, the control unit 110 
controls the timing to supply power to the tuner 102, the 
demodulation unit 103, and the TS decoder 104 based on the 

15 time information extracted by the time information extraction 
unit 106, in order to receive the program desired by the user. 
FIG. 2 shows the signal reception interval and the timing 
to power on/off the tuner 102, the demodulation unit 103, 
and the TS decoder 104. FIG. 2A .shows the signal reception 

20 interval. In this example, the signal reception interval is 
denoted by At. 
[0026] 

If effects of noise, multipath fading, interference 
signals, and the like are present, the quality of the received 
25 signal becomes bad. A time period necessary for the 
demodulation unit 103 to establish time and frequency 
synchronization between the clock and the carrier depends 
on the quality of the received signal . That is, the time period 
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necessary for establishing the synchronization is longer when 
the quality of the received signal is worse. 

This being so, the control unit 110 powers on the tuner 
102, the demodulation unit 103, and the TS decoder 104 earlier 
5 than the signal reception timing so that the tuner 102, the 
demodulation unit 103, and the TS decoder 104 operate stably 
by the time the signal reception begins, in order to stably 
receive the desired part of the time-division multiplexed 
signal. In detail, the control unit 110 powers on the tuner 
10 102, the demodulation unit 103, and the TS decoder 104 a 
predetermined time before the signal reception. This 

predetermined time is referred to as pull-in time ATcap. 
[0027] 

FIG. 2B shows the timing with which the control unit 
15 110 powers on the tuner 102, the demodulation unit 103, and 

the TS decoder 104 . The control unit 110 powers off the tuner 

102, the demodulation unit 103, and the TS decoder 104 at 

a time where the transmission of the desired program ends. 

After this, the control unit 110 powers on the tuner 102, 
20 the demodulation unit 103, and the TS decoder 104 pull-in 

time ATcap earlier than when the transmission of the desired 

program resumes. 

[0028] 

Which is to say, the control unit 110 powers on the tuner 
25 102, the demodulation unit 103, and the TS decoder 104 when 
a time period ( At - ATcap) elapses after the transmission 
of the program ends, as shown in the drawing. The time at 
which the control unit 110 powers on the tuner 102, the 



demodulation unit 103, and the TS decoder 104 is hereafter 
called an "operation start time". 

Thus, the receiver apparatus 1000 receives the 
time-division multiplexed signal, and powers on the tuner 
5 102, the demodulation unit 103, and the TS decoder 104 based 
on the operation start time in order to stably receive the 
desired program. 
[0029] 

A process of determining the operation start time and 
10 supplying power to the tuner 102, the demodulation unit 103, 
and the TS decoder 104 by the control unit 110 is explained 
below . 

FIG.. 3 is a flowchart showing a power supply control 
process performed by the control unit 110 in the receiver 
15 apparatus 1000. 

The control unit 110 supplies power to the tuner 102, 
the demodulation unit 103, and the TS decoder 104 according 
to the operation start time determined at immediately 
preceding signal reception (step S31), and receives a 
20 time-division multiplexed signal (step S32) . 
[0030] 

Once the demodulation unit 103 and the TS decoder 104 
have performed their respective operations, the control unit 
110 stops the power supply to the tuner 102, the demodulation 
25 unit 103, and the TS decoder 104 until the next operation 
start time. Also, the control unit 110 has the signal quality 
evaluation unit 109 evaluate the quality of the received signal 
based on a parameter such as the BERs measured by the error 
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correction unit 126 in the demodulation unit 103 (step S33) . 

After the signal quality evaluation unit 109 evaluates 
the quality of the received signal, the control unit 110 
determines the operation start time for the next signal 
5 reception based on the evaluation result (step S34) . Having 
determined the operation start time, the control unit 110 
repeats the procedure of starting the power supply to the 
tuner 102, the demodulation unit 103, and the TS decoder 104 
according to the operation start time (step S.31) , receiving. 
10 the signal, evaluating the quality of the received signal, 
and determining the operation start time (steps S32, S33, 
and S34) . 
[0031] 

<Signal Quality Evaluation> 
15 The process of evaluating the quality of the signal by 

the signal quality evaluation unit 109 in step S33 is explained 
below, 

FIG. 4 is a flowchart showing the process of evaluating 
the signal quality by the signal quality evaluation unit 109. 
20 [0032] 

The signal quality evaluation unit 109 receives a 
measurement result of an index value indicating the signal 
quality, such as the BERs and packet error rate output from 
the Viterbi decoding unit 141 and the like in the demodulation 
25 unit 103 (step S41) . The signal quality evaluation unit 109 
compares the received measurement result with a predetermined 
value, to judge whether the signal quality is "good" or "bad" 
(step S42) . As one example, the signal quality evaluation 



unit 109 sets a 1-bit flag showing the signal quality ON if 
the signal quality is "good"', and OFF if the signal quality 
is "bad". The signal quality evaluation unit 109 outputs a 
signal showing the evaluation result to the control unit 110. 
5 [0033] 

In more detail, the signal quality judgment in step S42 
is conducted as follows. Take an example where the BER 
measured by the Viterbi decoding unit 141 is used as a signal 
quality index value and compared with a predetermined value. 
10 Suppose. the predetermined value is 10" 5 . This being the case, 
the signal quality 'is evaluated as "good" if the BER is smaller 
than the predetermined value , and "bad" if the BER is no smaller 
than the predetermined value . 
[0034] 

15 Here, as the signal quality index value, the BERmeasured 

by the RS decoding unit 142, the packet error rate measured 
by the RS decoding unit 142, or the BER measured by the error 
correction circuit 105 may be used instead of the above BER 
measured by the Viterbi decoding unit 141. By setting a 

20 predetermined value for each of these parameters, it is 
possible to evaluate the signal quality as "good" or "bad". 

Also, the signal quality can be evaluated in accordance 
with a reception input level at the antenna 101, instead of 
the BER. The AGC 122 generates an AGC control signal so as 

25 to keep the output of the tuner 102 at a constant level, and 
controls a gain of an AGC amplifier included in the tuner 
102 based on the AGC control signal. Accordingly, the signal 
quality evaluation unit 109 can estimate the reception input 
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level based on this AGC control signal. 
[0035] 

The signal quality evaluation based on the estimated 
reception input level can be conducted as follows . Suppose 
5 an adequate range of the reception input level is -8 0 dBm 
to -20 dBm. This being the case, the signal quality is 
evaluated as "good" if the estimated reception input level 
is within the adequate range, and "bad" if the estimated 
reception input level is not within the adequate range. 

10 As an alternative, the signal quality, evaluation may 

be conducted as follows . A frequency domain signal after the 
FFT is performed by the FFT 124 represents each sub-carrier. 
If a sub-carrier whose level is, for example, about 30 dB 
larger than other sub-carriers is detected, there is a 

15 possibility of interference by analog broadcasting or the 
like . This being so, the signal quality is evaluated as "bad" 
if the interference is estimated to exist, and "good" if the 
interference is estimated not to exist. 
[0036] 

20 Also, the signal quality evaluation may be conducted 

based on the C/N measured and output by the channel equalizing 
unit 125. For example, the signal quality is evaluated as 
"good" if the C/N is no less than 10 dB, and "bad" if the 
C/N is less than 37 dB . 

25 Further, the signal quality evaluation may be conducted 

as follows. In the detection performed by the channel 
equalizing unit 125, a channel characteristic of the received 
signal is estimated using pilot carriers which are provided 
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in a frequency direction and a time direction based on a 
predetermined rule, and the received signal is equalized by 
dividing the received signal by the estimated channel 
characteristic. Here, multipath fading and the like can be 
5 detected from the estimated channel characteristic. 

Accordingly, the signal quality may be evaluated as "bad" 

if multipath fading is detected. 

[0037] 

<Operation Start Time Determination Process> 
10 The following explains the process of step S34 in FIG. 

3 where the control unit 110 determines the operation start 
time for the next signal reception based on the result of 
the signal quality evaluation by the signal quality evaluation 
unit 109. 

15 FIG. 5 is a flowchart showing the process of determining 

the operation start time for the next signal reception based 
on the signal quality evaluation result by the control unit 
110. 
[0038] 

20 The control unit 110 receives the signal showing the 

signal quality evaluation result from the signal quality 
evaluation unit 109 (step S51), and determines pull-in time 
ATcap based on the received signal (step S52) . 

As one example, pull-in time ATcapl in the case where 

25 the signal quality is "good" is set to 250 ms, and pull-in 
time ATcap2 in the case where the signal quality is "bad" 
is set to 500 ms, thereby making the power supply period shorter 
when the signal quality is "good" than when the signal quality 
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is "bad". This is explained with reference to FIG . 2. FIG. 
2B shows the power supply period of the tuner 102, the 
demodulation unit 103, and the TS decoder 104 when the signal 
quality is "bad", whereas FIG. 2C shows the power supply period 
5 of the tuner 102, the demodulation unit 103, and the TS decoder 
104 when the signal quality is "good" . The power supply period 
is adjusted to be shorter when the signal quality is "good" 
than when the signal quality is "bad", as shown in these 
drawings . 
10 [0039] 

Note here that pull-in time A Tcap for the initial signal 
reception is set, for example, to 500 ms beforehand. 

In this way, the control unit 110 controls the timing 
to supply power to the tuner 102, the demodulation unit 103, 
15 and the TS decoder 104 in accordance with the quality of the 
received signal. 

<Second Embodiment > 

The following describes a receiver apparatus according 
20 • to a second embodiment. 
. [0040] 

In the second embodiment, pull-in time A Tcap is 
determined based on a previous pull-in time, when determining 
the operation start time. The following explanation mainly 
25 focuses on the difference from the first embodiment. 

<Construction> 

FIG . 6 is a functional block diagram showing the receiver 

20 
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apparatus of the second embodiment. 
[0041] 

A receiver apparatus 1100 shown in the drawing differs 
from the receiver apparatus 1000 of the first embodiment, 
in that a pull-in time measuring unit 111 is provided in place 
of the signal quality evaluation unit 109. Construction 
elements such as the antenna 101 are the same as those of 
the first embodiment, and so their explanation has been omitted 
here. 

The pull-in time measuring unit 111 has a timer function 
of counting a time, and may be constituted by a CPU, a ROM, 
a RAM, and the like. The pull-in time measuring unit 111 
measures pull-in time ATcap, and stores one or more previously 
measured pull-in times ATcap in a memory. 
[0042] 

The measurement of pull-in time ATcap is performed by 
calculating a difference between a pull-in start time and 
a pull-in end time. Here, the pull-in start time is a time 
at which the control unit 110 powers on the tuner 102 and 
the like, and the pull-in end time is a time at which a BER 
or a C/N after the channel selection by the tuner 102 becomes 
no more than a threshold value. 

The control unit 110 determines pull-in time A T cap based 
on one or more pull-in times ATcap measured and stored by 
the pull-in time measuring unit 111, and controls the power 
supply timing of the tuner 102 and the like. 
[0043] 

<Operation> 
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In the receiver apparatus 1100, the control unit 110 
determines the operation start time and controls the power 
supply to the tuner 102, the demodulation unit 103, and the 
TS decoder 104, during the reception of the time-division 
5 multiplexed signal. 

FIG. 7 is a flowchart showing a power supply control 
process performed by the control unit 110 in the receiver 
apparatus 1100. 
[0044] 

.10 The control unit 110 supplies power to the tuner 102, 

the demodulation unit 103, and the TS decoder 104 according 
to the operation start time determined at the immediately 
preceding signal reception (step S71), receives the 
time-division multiplexed signal (step S72), and has the 

15 pull-in time measuring unit 111 measure a pull-in time (step 
S7 3) . 

Once the demodulation unit 103 and the TS decoder 104 
have performed their respective operations, the control unit 
110 stops the power supply to the tuner 102, the demodulation 

20 unit 103, and the TS decoder 104 until the next operation 
start time. The control unit 110 also compares a mean value 
of pull-in times ATcap previously measured by the pull-in 
time measuring unit 111 with a predetermined value, and 
determines pull-in time ATcap based on a result of the 

25 comparison. 
[0045] 

Suppose the predetermined value is 300 ms . Then 
lead-time ATcap is set to 500 ms if the mean value of previous 
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four pull-in times ATcap is larger than 300 ms, and 250 ms 
if the mean value of previous four pull-in times ATcap is 
no larger than 300 ms. 

Having determined lead-time ATcap in this way, the 
control unit 110 determines the operation start time for the 
next signal reception from time information AT and pull-in 
time ATcap (step S74). 
[0046] 

After this, the control unit 110 repeats the procedure 
of supplying power to the tuner 102 and the like according 
to the operation start time (step S71) , receiving the signal, 
determining pull-in time ATcap for the next signal reception 
based on previous pull-in times ATcap, and determining the 
operation start time (steps S72, S73, and S74). 

<Third Embodiment> 

The following describes a receiver apparatus according 
to a third embodiment. 
[0047] 

In the third embodiment, pull-in time ATcap is 
determined based on a remaining battery level of the receiver 
apparatus in addition to the quality of the received signal, 
when determining the operation start time. The following 
explanation mainly focuses on the difference from the first 
embodiment . 

<Construction> 

FIG. 8 is a functional block diagram showing the receiver 
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apparatus of the third embodiment, 
[0048] 

A receiver apparatus 1200 shown in the drawing includes 
a battery monitoring unit 112 in addition to the construction 
5 of the receiver apparatus 1000 of the first embodiment. 

The battery monitoring unit 112 measures the remaining 
battery level of the receiver apparatus 1200, and outputs 
the measured remaining battery level to the control unit 110 
in percentage as one example . 
10 The control unit 110 controls the timing to supply power 

to the tuner 102 and the like based on the quality of the 
received signal, and also receives a signal indicating the 
remaining battery level from the battery monitoring unit 112 
and determines the operation start time depending on the 
15 remaining battery level. 
[0049] 

<0peration> 

In the receiver apparatus 1200, the control unit 110 
determines the operation start time and controls the power 
20 supply to the tuner 102, the demodulation unit 103, and the 
TS decoder 104, during the reception of the time-division 
multiplexed signal . 

FIG. 9 is a flowchart showing a power supply control 
process performed by the control unit 110 in the receiver 
25 apparatus 1200. 
[0050] 

The control unit 110 supplies power to the tuner 102, 
the demodulation unit 103, and the TS decoder 104 according 
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to the operation start time determined at the immediately 
preceding signal reception (step S91), and receives the 
time-division multiplexed signal (step S92). 

Once the demodulation unit 103 and the TS decoder 104 
5 have performed their respective operations, the control unit 
110 stops the power supply to the tuner 102, the demodulation 
unit 103, and the TS decoder 104 until the next operation 
start time, and has the signal quality evaluation unit 109 
evaluate the quality of the received signal (step S93). 
10 [0051] 

After the signal quality evaluation unit 109 evaluates 
the quality of the signal received by the receiver apparatus 
1200, the control unit 110 compares the remaining battery 
level with the predetermined value based on the signal showing 

15 the remaining battery level output from the battery monitoring 
unit 112, to judge whether the remaining battery level is 
sufficient (step S94) . If the remaining battery level is no 
less than the predetermined value (stepS94: YES), the control 
unit 110 judges the remaining battery level as sufficient, 

20 and determines the operation start time for the next signal 
reception based on the evaluation result of the signal quality 
evaluation unit 109 (stepS95) . I f the remaining battery level 
is less than the predetermined value (step S94 : NO) , the control 
unit 110 judges the remaining battery level as insufficient, 

25 and sets pull-in time ATcap to be the same as the pull-in 
time that is used when the signal quality evaluation unit 
109 evaluates the signal quality as "good", irrespective of 
the evaluation result of the signal quality evaluation unit 
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109 (step S96) . 
[0052] 

For instance, step S94 is performed by judging the 
remaining battery level of the receiver apparatus 1200 as 
5 sufficient if the remaining battery level is no less than 
20%, and insufficient if the remaining battery level is less 
than 20%. 

Thus, the receiver apparatus 1200 can adjust the power 
supply period in accordance with the remaining battery level. 

10 If the remaining battery level is insufficient, the power 
supply period of the tuner 102 and the like is shortened 
irrespective of the signal quality . This raises a possibility 
that the viewing may be interrupted in the case where the 
quality of the received signal continues to be bad, but the 

15 power consumption needed for the viewing can be reduced, with 
it being possible to extend a viewing period of video data 
and the like than in conventional techniques. 

Supplementary Remarks > 
20 Although the present invention has been described by 

way of the above embodiments, the receiver apparatus according 
to the present invention is not limited to the above 
embodiments . 

(1) The above embodiments describe the case where the 
25 signal quality evaluation unit 109 outputs the two values 
indicating the signal quality, namely, "good" and "bad", and 
the control unit 110 sets two pull-in times A Tcap in accordance 
with the signal quality. However, the present invention is 
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not limited to this . An example modification is given below. 
The signal quality evaluation unit 109 consecutively outputs 
values showing the signal quality using index values of the 
signal quality, and the control unit 110 sets several different 
5 pull-in times ATcap according to the values output from the 
signal quality evaluation unit 109. 
[0053] 

The above embodiments describe the case where the signal 
quality evaluation unit 109 evaluates the signal quality by 

10 comparing the index value of the signal quality with one 
predetermined value, but the number of predetermined values 
used for the comparison is not limited to one. For example, 
the signal quality may be evaluated in several stages using 
threshold values. 

15 (2) The above embodiments describe the case where the 

control unit 110 controls the power supply to the tuner 102, 
the demodulation unit 103 , and the TS decoder 104 . Considering 
that the tuner 102 has a local oscillator for channel selection 
and a certain period of time is needed from power-on until 

20 a frequency of an oscillator output stabilizes , -however , the 
following modification may be applied. The control unit 110 
separately generates a power supply control signal for the 
tuner 102 and a power supply control signal for the demodulation 
unit 103 and the TS decoder 104, so as to power on the tuner 

25 102 earlier than the demodulation unit 103 and the TS decoder 
104 . 
[0054] 

Also, in view of a processing delay time of the 

27 



1 

demodulation unit 103, different power supply timings may 
be applied to the demodulation unit 103 and the TS decoder 
104. 

The above embodiments describe the case where the control 
5 unit 110 controls the. power supply to the tuner 102, the 
demodulation unit 103, and the TS decoder 104 . Here, the power 
supply control may be performed by controlling an electronic 
control switch provided on a power supply line, by switching 
between a normal operation mode and a power down mode through 
10 register settings of an IC or LSI used for the receiver 
apparatus, by stopping a clock of a logic circuit, or by 
controlling on/off of part of circuitry. 

(3) The above embodiments describe the case where the 
time information extraction unit 106 extracts the time 

15 information from the output of the TS decoder 104, but the 
s present invention is not limited to this. For example, the 
time information may be extracted from the output of the error 
correction circuit 105. 

[0055] " 

20 The above embodiments describe the case where the time 

information is extracted from a TS packet. However, even in 
the case where the time information is not contained in a 
TS packet and so cannot be extracted from the TS packet, the 
present invention is applicable so long as the reception 

25 interval of each program in a time-division multiplexed signal 
has been specified in advance. 

(4) The above embodiments describe the case where the 
receiver apparatus receives a time-division multiplexed 
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signal according to multicarrier transmission exemplified 
by DVB-H, but the present invention should not be limited 
to multicarrier transmission. The present invention is 
equally applicable to single-carrier transmission, so long 
5 as it is time-division multiplexed. 

(5) The second embodiment describes the case where, when 
the pull-in time measuring unit 111 measures the pull-in time, 
the power-on time of the tuner 102 and the like is used as 
the pull-in start time and the time at which the BER or C/N 

10 after the channel selection of the tuner 102 becomes below 
the threshold value is used as the pull-in end time . However, 
the present invention is not limited to such. For instance, 
a time at which the channel selection of the tuner 102 begins 
may be used as the pull-in start time, and a time at which 

15 a loop filter output converges or a time at which frame 
synchronization is established as the pull-in end time. 

(6) The second embodiment describes the case where 
pull-in time ATcap is determined by comparing the mean value 
of the pull-in times previously measured by the pull-in time 

20 measuring unit 111 with the predetermined value, but this 
is not a limit for the present invention . For example, pull-in. 
time A Tcap may be determined based on one previously measured 
pull-in time ATcap. Alternatively, pull-in time A Tcap may 
be determined by adding a certain margin to the mean value 

25 of the previouslymeasuredpull-in times . Also, the mean value 
of the previously measured pull-in times may be an arithmetic 
mean, or a weighted mean calculated by assigning a smaller 
weight to a more distant past. 

29 



) 



(7) The third embodiment describes the case where the 
receiver apparatus includes the signal quality evaluation 
unit 109 and the battery monitoring unit 112, but the signal 
quality evaluation unit 109 may be replaced with the pull-in 

5 time measuring unit 111. 
[0056] 

The third embodiment describes the case where if the 
remaining battery level is insufficient, pull-in time ATcap 
is determined irrespective of the quality of the received 
10 signal, but this is not a limit for the present invention. 
For example, the user may decide whether -pull-in time ATcap 
is to be set depending on the remaining, battery level. 

(8) In the above embodiments , the demodulation unit 103, 
the TS decoder 104, the error correction circuit 105, the 

15 time information extraction unit 106, the signal quality 
evaluation unit 109, the control unit 110, the battery 
monitoring unit 112, and the like may be realized by one-chip 
LSI. 

20 Industrial Applicability 

[0057] 

The present invention can be used for a mobile receiver 
of digital broadcasting and digital communication that 
transmit a signal by time-division multiplexing. 

25 

Brief Description of the Drawings 

[0058] 

FIG. 1 is a functional block diagram showing the receiver 
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apparatus according to the first embodiment. 

FIG . 2 shows the signal reception interval and the timing 
to power on/off the tuner 102, the demodulation unit 103, 
and the TS decoder 104 . 
5 FIG. 3 is a flowchart showing the power supply control 

process by the control unit 110 in the receiver apparatus 
1000. 

FIG. 4 is a flowchart showing the process of evaluating 
the signal quality by the signal quality evaluation unit 109 . 
10 FIG. 5 is a flowchart showing the process of determining 

the operation start time for the next signal reception based 
on the signal quality evaluation result by the control unit 
110. 

FIG . 6 is a functional block diagram showing the receiver 
15 apparatus according to the second embodiment. 

FIG. 7 is a flowchart showing the power supply control 
process by the control unit 110 in the receiver apparatus 
1100. 

FIG. 8 is a functional block diagram showing the receiver 
20 apparatus according to the third embodiment. 

FIG. 9 is a flowchart showing the power supply control 
process by the control unit 110 in the receiver apparatus 
1200. 

25 Description of Reference Numerals 

[0059] 

101 antenna 

102 tuner 
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demodulation unit 
TS decoder 

error correction circuit 

time information extraction unit 

decoding unit 

display unit 

signal quality evaluation unit 
control unit 

pull-in time measuring unit 

battery monitoring unit 

AD conversion unit 

AGC 

AFC 

FFT 

channel equalizing unit 
error correction unit . 
Viterbi decoding unit 
RS decoding unit 
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